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1. ABSTRACT
Mumian is a sticky black-brown material found in the Mumian cave in Wadi Al
Mayh, Al Amerat, Oman. Mumian has been used for centuries as traditional medicine by
the local Omani people. Though commonly ingested orally to resolve a variety of
common ailments, very little is known about the Mumian material in terms of its
chemical composition. The principle aim of this study is to characterize the Mumian and
the host rock in terms of the mineralogy and chemical characteristics using a variety of
analytic instruments, including XRD, NMR, FT-IR, XRF, and UV- VIS. A secondary
goal of this study is to compare and contrast the Omani Mumian with a similar substance
from India called Shilajit, which contains a mixture of organic humic molecules (Agarwa
et al., 2008). Shilajit has similar physical properties as Mumian and people are using it
for the same purpose that the Omani are using the Mumian, but how the two substance
compare is unknown.
Data obtained from XRD, XRF, and thin sections indicate that the host rock of the
Mumian cave is dolomite. XRF data further show that the Mumian contains high
concentrations of Mg, Ca, Si, K, Fe, S, Cl, Al, P, Mn, and Ba, and low concentrations of
Cu, Zn, Se, Cr, As, Pb, Cd, Ag, Ni, Sb, Se, Ti, V, Rb, Sr, Zr, Sn, Sb, Te, and Cs.
The 1H NMR data suggests the presence of aliphatic multiplet protons,
carbohydrate molecules, multiplet aromatic protons, and N-containing molecules in the
Mumian. The 13C NMR data indicates the presence of C-OH carbon, aromatic carbon of
hippuric acid, and amide structures. In addition, the FTIR analysis shows the presence of
hydrogen-bonded OH groups, O−H bending vibrations of alcohols or carboxylic acids,
and C−O stretching suggest the presence of polysaccharides. The UV-VIS analysis

indicates that the highest amount of absorption of UV radiation in the Mumian is within
the region of ultraviolet C (200-290 nm) suggesting the possibility that Mumian might be
useful as a natural UVC absorbent.
Despite similarities in the NMR, IR, and UV- VIS data, there are some notable
chemical differences between the Omani Mumian and the Indian Shilajit that may be
attributed to different sample preparation techniques in the two studies. As a result, the
data presented in this study do not precisely match the published data for the Indian
Shilajit. Further analyses are, therefore, required to more fully characterize the Omani
Mumian in terms of its molecular composition.

2. INTRODUCTION
Shilajit is the name given to a naturally occurring, sticky, black-brown material that is
characterized as a mixture of organic humic molecules (Agarwa et al., 2008). Though most
commonly found in the Himalayas between India and Nepal, Shilajit has been reported in many
places around the world, including Russia, Tibet, Afghanistan, and northern Chile (Carrasco et
al., 2012). For thousands of years, Shilajit has been considered a powerful traditional medicine in
many cultures (Agarwa et al., 2008).
People in Oman have long harvested a sticky, black substance called ‘Mumian’ for
medicinal purposes (Figure 1). The Mumian comes from a cave in Wadi Al Mayh, which is
located in Al Amerat area near Muscat, Oman (Figure. 2). Evidence in the cave clearly shows
that human prospecting has gone on for some time, and that modern prospectors are still in
search of the Mumian, which seeps out of the cave cracks and sticks on the cave walls.
Preclinical investigations indicate the validity of using the Shilajit as a dietary supplement and
restoring the energetic balance (Carrasco et al., 2012). It also indicates the ability of Shilajit to
prevent certain diseases such as cognitive disorders that are associated with aging (Carrasco et
al., 2012). Although Mumian has been used medicinally in Oman for centuries, very little is
known about this material. Whereas Himalayan Shilajit has been studied extensively (Agarwal et
al., 2007), Mumian found in Oman has not been previously investigated.
The purpose of the current study is to characterize the Mumian that is harvested from the
Wadi Al Mayh Cave in Oman. The aim of this work is to characterize the material and the
surrounding host rock to better understand its chemical properties. More specifically, the
Mumian will be compared and contrasted to a seemingly similar material referred to as Shilajit.
The study was carried out by investigating the geology of the host rock cave and by examining

the chemical characteristic of this material by using thin section petrography, X-Ray Diffraction
(XRD), Nuclear Magnetic Resonance (NMR), Fourier Transform Infrared (FT-IR), X-Ray
fluorescence (XRF), and Ultraviolet–visible spectroscopy (UV-VIS). The findings obtained from
this study represent the first attempt to characterize the Mumian material from the Wadi Al
Mayh Cave in Oman and will provide critical information for future studies to better understand
the origin and chemical composition of this traditional medicine.

Figure 1. Photograph of the Mumian Rock found in Mumian Cave in Wadi Al
Mayh (sample# SC02).

Figure 2. Map of Oman showing the location of Wadi Al Mayh (Google Earth).

Figure 3. Map of Muscat area, Oman showing the location of Mumian cave (Google Earth).

3. STUDY AREA:

The Mumian cave is located in Wadi Al Mayh (Figure. 3), which is found in the Saih Hatat
geological region in northeastern Oman .Geologically, Saih Hatat is described as a complex
anticlinal fold with a half-wavelength of 40 km in Al Hajar Mountains in Oman (Searle, 2007).
Saih Hatat Mountains comprise five major geological units: a pre-Permian sequence of Late
Proterozoic to Ordovician age, Late Permian to Late Cretaceous Hajar carbonate
metasedimentary rocks, deep oceanic Hawasina sediment that has the same age as the Hajar
supergroup, Samail ophiolite which is an oceanic lithosphere and the Cenozoic sedimentary
sequence (Nolan et al., 1990). The rocks of the Saih Hatat have been affected by at least two
major tectonic events; a Late Palaeozoic deformation and a Late Cretaceous thrusting and
metamorphism. The sedimentary pre-Permian formations in the area comprise thick sequences of
shallow marine and terrestrial sediments of Late Proterozoic to Early Palaeozoic age (Glennie et
al., 1974).
The Hajar Group is composed of the Sahtan Group, Kahmah Group, and Akhdar Group. The
Kahmah Group (Tithonian to Aptian) is overlain by the Hawasina Nappes and it is made of three
formations, the Lower Formation, the Middle Formation, and the Upper Formation. The Lower
Formation is composed of a pale gray, silicified, micritic limestone. The Middle Formation is
composed of limestone, clayey limestone, silty limestone, conglomerate, and reef limestone. The
Upper Formation is composed of an oolitic limestone and a massive bioclastic limestone. The
Sahtan Group has an age of Jurassic (Pliensbachian to Portlandian) and it includes two
formations, the Lower Formation and the Upper Formation (Le Metoure et al., 1986). The Lower
Formation is composed of brown sandstone and limestone with a thickness of ~30 m. The Upper

Formation is composed of massive blue limestone with a thickness that ranges from 100- 120 m
from the western end of Jabal Aswad and Wadi Mijlas to 160- 180 m elsewhere.
The Akhdar Group (late Permian to Triassic) is comprised of two formations, the lower Saiq
Formation and the upper Mahil Formation. The Mahil Formation (Ma) has an age of Triassic and
it is composed of gray dolomite and yellow bedded dolomite. Mumian cave is located within
Saiq Formation and according to the Quryat map (Metour et al. 1984), the Saiq Formation is
composed of 13 geological units. These include a yellowish gray thinly bedded mudstone and
silty limestone (Sq3), black limestone (Sq3L), silty yellow limestone (Sq2b), black limestone and
dolomite (Sq1-2a), black, fusilinid- bearing limestone and dolomite (Sq2a), brown dolomite
(Sq2D), basic to intermediate volcanic rock and acidic volcanic rocks (Sq2V), calcareous schist
and black limestone (Sq1Cs), nodular limestone, yellow dolomite, and silicified limestone
(Sq1L), tuffite, schist and white tuff (Sq1V), yellow dolomite, black fusulinid- bearing limestone
and dolomite (Sq), microgranite (Sq1Gr), and dolerite sills and dykes (Sq D1).
Mumian cave is located specifically within Sq1L (Figure 3) which has an age of Permian.
The unit has a thickness of ~150 m to more than 250 m in the east near Jabal Abu Daud and Sifat
al Wasl. Sq1L is above Sq1V and below Sq2V. In addition, a sequence of meta-sedimentary units
of early and middle Ordovician age is located below the Saiq Formation and it is overlying
another sequence of meta-igneous units of late Proterozoic age.

Figure 4. Geological map of the Mumian cave ( ) and its surrounding area (Le Metoure et al.,1986). Qgy unit is
sub-recent deposits and it is cutting through Sq1L. For the full map see (Le Metoure et al.,1986).

4. METHODS
4.1 Field Work:
The fieldwork has been done by Dr. Mohammed Alkindi, Dr. Talal Al-Hosni, and Sara
Alqamshouai on July 25th, 2021 and it took three hours of collecting the samples within the
cave. The total collected cave samples are eight samples (SC- 01, SC- 02, SC- 04, SC- A1, SCA3, SC- B1, SC- B2, SC- B3).
4.2 Mineralogy:
4.2.1

Petrography:

The thin sections used in this study were prepared at the Thin Section Unit, Department of
Earth Sciences at Sultan Qaboos University by Sara Alqamshouai under the supervision of the
Rock Thin Section Preparation Technician Hamdan Al-Zeidi. The thin sections were made for
three cave rock samples (SC- 01, SC- B2, SC- B3).
4.2.2

XRD:

Powder X-ray diffraction patterns of powdered samples of Mumian were obtained using
Panalytical (Model: X’Pert Pro), with Cu Kα radiation (λ= 1.54 Å). The data were recorded with
a 2-theta range from 5º to 140º. Voltage/current: 45 kV & 40 mA.
4.3 Chemistry:
4.3.1

NMR:

The Mumian samples were dissolved in deuterated DMSO and filtered. Not all samples
dissolved completely. The resulting clear dark brown solutions were used for proton and carbon
NMR measurement which were carried out in Bruker Avance III HD 700 MHz spectrometer
equipped with a 5 mm TCI H/C/N cryoprobe.

4.3.1.1 Carbon NMR:
The proton decoupled 13C NMR experiment was run using a composite pulse decoupling
scheme operating at 176.08 MHz. The acquisition parameter was as follows: 90˚ proton pulse
width of 8.00 µs, relaxation delay of 2s, 2000 scans. The Spectrum was recorded in DMSO-d6 at
298K and processed using TOPSPIN 3.6 software.
4.3.1.2 Proton NMR:
The proton NMR experiment was run using a zg30 pulse program operating at 700.13 MHz.
The acquisition parameter was as follows: 90˚ proton pulse width of 8.00 µs, relaxation delay of
1 s, 128 scans. The Spectrum was recorded in DMSO-d6 at 298K and processed using TOPSPIN
3.6 software.
4.3.2

FT-IR:

The Mumian sample was analyzed using Fourier transform infrared spectroscopy instrument
(Model: FT-IR Spectrometer ALPHA II Platinum ATR). Resolution is better than 2 cm-1 and the
signal-to-Noise Ratio is > 55,000:1. The spectral Range is 350 to 6000 cm-1 with standard KBr
beam splitter. Scanning was done from 4000-350 nm.
4.3.3

XRF:

Hand-held XRF analyzer at Geochemistry lab at SQU.
4.3.4

UV-VIS-Extracted in H2O:

0.1 gram of each sample of Mumian was dissolved in 100 mL distilled water. The UV/VIS
absorbance spectra (200- 800 nm) of each sample were measured using Agilent UV-VIS
Spectrophotometer (Model# is CAARY-60).
5. Results and Observations:
5.1 Cave Observations:
The opening of the cave is
located at an elevation of 95 m
asl (above sea level). The walls
of the cave are formed mainly
of carbonate rock. The black
sticky material, referred to as
Mumian, is observed along the
cave cracks. Figure 5A is a plan
view map of the cave showing
that the cave includes two
chambers (A and B). Figures 5B
and 5C show two cross sections
for the cave chambers. Mumian
is primarily found in two

Figure 5. shows a map for the Mumian cave (5. a) and two crosssections for the two chambers that the cave includes (5. b & 5. c).

locations within the cave. The first location is in chamber A where Mumian is found in lower
abundance (Fig. 5B), and the second location is in chamber B where Mumian is found in higher
abundance (Fig. 5A).

5.2 Hand Samples:
The collected cave samples are shown in
Figures 1 and 6 show the cave host rock
(limestone) with a layer of black, sticky material
(Mumian) sticking on the surface of the rocks
and in between the pores within the rock. The
color of the host rocks varies from light gray to
light brown and its luster varies from sub-

Figure 6. The rock sample (SC-A3) obtained from
chamber A. The distance of the red line is 240.9 µm
and it is used as a scale reference for the grains sizes.

vitreous to dull. The mineral grains (rhombic
crystals) range in size from microscopic up to a few
millimeters in diameter.
5.3 Mineralogy
5.3.1

Petrography (Thin Sections):

Figure 7. Thin section photo with a 50x
The thin section shown in Figure 7 shows rhombic magnification of the cave host rock (sample
SC- 01).
crystals that vary in size from 2 to 6 mm in diameter.
Figure 7 also shows dark material traversing the
crystals which could be the Mumian material seeping
between the mineral crystals. Figure 8 shows the
presence of lamellar twins and cleavage planes within
the crystals.
Figure 8. Thin section photo with a 50x
magnification of the cave host rock (sample
SC- B2).

5.3.2

XRD

C

B

A
Figure 9. A) X-ray diffraction pattern of Mumian Rock sample (SC-B2) from Mumian Cave in
Wadi Al Mayh, (B) picture of the sample# SC-B2. (C) Thin section photomicrograph of sample
SC-B2.
The XRD analysis was done on the host rock and the black-brown material covering most of
the host rock surface. Figure 9 shows the XRD pattern for the rock sample SC-B2, which has
only a thin layer of the blackish-brown material (B). The XRD peaks in Figure9 are consistent
with the mineral dolomite (hkl indices labeled), which appears to be the most abundant mineral
phase in the host rock. Additional XRD peaks are also present, but were not identified.

C

B

A
Figure 10. (A) X-ray diffraction pattern of Mumian Rock sample (SC-B3) from Mumian Cave in
Wadi Al Mayh, (B) Photograph of the sample# SC-B3. (C) thin section for sample SC-B3.
The XRD analysis shown in Figure 10A was done to analyze the blackish-brown bumps
that are shown in Figure 10B. The XRD pattern shows a broad hump centered at approximately
30 °2-theta. The labeled peaks are similar with the peaks shown in Figure 9A suggesting that the
sample is primarily composed of dolomite.

5.4 Chemistry:
5.4.1

NMR

A

B

Figure 11. 1H NMR spectra of Mumian Rock sample (SC-B3) in DMSO-d6 (A). Photo (B) on the
up-right corner is a picture of sample# SC-B3. The spectra shows the chemical shift (relative to
TMS) δ (ppm) vs Intensity.
The 1H NMR spectra shows various signals at chemical shifts of 0.83- 1.28 ppm, 2.51
ppm, 3.57 ppm, 5.50 ppm, 6.99– 8.06 ppm, and 8.62 ppm.

A
B

Figure 12. 13C NMR spectra of Mumian Rock sample (SC-B3) in DMSO-d6 (A). Photo (B) on the
up-right corner is a picture of sample# SC-B3. The spectra shows the chemical shift (relative to
TMS) δ (ppm) vs Intensity.
Figure 12A shows the 13C NMR spectra for the blackish-brown bumps that are shown in
Figure 12B. The spectra show chemical shifts of 39.42- 40.14 ppm, 62.87 ppm, 127.58- 131.73
ppm, and 174.04 ppm.

5.4.2

FT-IR

Figure 13. FTIR Spectra of the Mumian samples (SC- B3 and SC- B2-3 showing the absorption
wavelength (cm-1) vs the percent transmittance (%).
Figure 13 shows the FTIR spectra for SC- B3 and SC- B2-3 Mumian rock samples. Both
samples exhibit broad bands at 3318.38 cm-1, 1615.42 cm-1, 1402.80 cm-1, and 1087.87 cm-1.

5.4.3
Element
Mg
Ca
Si
K
Fe
S
Cl
Al
P
Mn
Cu
Zn
Se
Cr
As
Pb
Cd
Ag
Ba
Ni
Sb
Sc
Ti
V
Rb
Sr
Zr
Sn
Sb
Te
Cs

Elemental composition of cave samples determined by XRF
Concentration of Element (ppm) for the brown surface

Concentration of Element (ppm) for the rock surface

SC-B3

SC-A3

SC02

SC02

SC01

7696.47 ±3007.05
64263.61 ±617.01
38156.32 ±684.47
16803.63 ±234.58
13230.51 ±154.22
36894.54 ±357.64
14019.36 ±87.94
5764.55 ±876.15
5686.54 ±226.07
1236.64 ±51.72
45.06 ±8.91
82.07 ±6.45
5.49 ±1.84
64.82 ±16.54
18.4 ±2.67
9.16 ±2.87
< LOD ±8.93
< LOD ±6.15
319.19 ±29.24
29.08 ±14.94
11.47 ±7.5
169.96 ±32.68
721.07 ±30.97
30.82 ±9.01
20.95 ±1.01
275.41 ±4.05
28.29 ±2.34
< LOD ±8.84
11.47 ±7.5
48.42 ±19.11
45.37 ±6.57

6900.74 ±2645.87
95718.97 ±735.53
32706.72 ±646.28
9762.7 ±146.19
10560.49 ±144.22
11389.06 ±215.97
12710.16 ±81.42
4102.74 ±798.16
922.64 ±173.54
484.99 ±39.8
24.03 ±8.88
25.89 ±4.97
< LOD ±2.65
< LOD ±9.55
4.13 ±2.18
< LOD ±3.94
25.97 ±7.01
12.34 ±4.75
510.79 ±33.42
< LOD ±23.51
50.69 ±8.78
247.67 ±36.27
848.63 ±35.81
18.76 ±7
12.33 ±1.46
175.05 ±3.41
35.44 ±2.34
41.21 ±7
50.69 ±8.78
190.79 ±22.49
115.94 ±7.59

8652.98 ±3289.67
62290.81 ±618.42
45984.86 ±750.06
39768.29 ±355.46
6069.83 ±89.42
53330.64 ±444.48
9701.9 ±70.13
6312.13 ±915.49
5990.32 ±240.8
371.41 ±37.14
42.49 ±9.39
65.12 ±6.31
3.42 ±1.88
< LOD ±10.61
4.21 ±2.28
7.67 ±2.92
< LOD ±9.52
< LOD ±6.37
400.66 ±31.02
47.79 ±16.07
29.76 ±8.05
128.3 ±28.24
641.74 ±25.84
21.22 ±7.38
18.61 ±1.01
513.64 ±5.69
16.46 ±2.71
22.79 ±6.36
29.76 ±8.05
106.31 ±20.52
84.85 ±7.05

18404.68 ±3489.62
215266.13 ±1163.92
9718.02 ±443.95
12317.17 ±227.16
593.41 ±34.17
17725.37 ±263.16
1484.87 ±26.4
1885.09 ±804.34
2339.77 ±177.17
179.7 ±30.54
< LOD ±11.91
28.54 ±4.82
< LOD ±2.43
< LOD ±11.08
< LOD ±2.96
7.76 ±2.73
28.7 ±6.71
6.78 ±4.39
456.54 ±31.47
33.4 ±15.11
44.45 ±8.29
471.14 ±80.01
< LOD ±43.39
< LOD ±8.83
< LOD ±1.54
88.84 ±2.45
4.74 ±1.69
29.44 ±6.49
44.45 ±8.29
166.24 ±21.17
103.02 ±7.16

10129.32 ±3848.84
194287.78 ±1137.14
12518.55 ±498.43
4316.3 ±148.4
980 ±50.99
54864.74 ±459.09
2466.38 ±33.74
2384.13 ±917.04
1379.05 ±193.45
4723.1 ±97.29
31.57 ±9.41
11.57 ±4.58
< LOD ±2.75
< LOD ±10.87
< LOD ±3.15
4.66 ±2.73
13.27 ±6.79
10.52 ±4.71
476.02 ±33.3
35.98 ±16.35
35.75 ±8.6
548.11 ±66.24
< LOD ±43.03
14.85 ±7.14
1.71 ±1.14
82.53 ±2.5
5.22 ±1.78
34.16 ±6.91
35.75 ±8.6
152.33 ±22.17
98.41 ±7.52

Table 1. Elemental content of cave rock samples shown in parts per million (ppm).
According to the data presented in Table1, the three samples of the brown surface (Mumian)
have similar elemental compositions. Mg, Ca, Si, K, Fe, S, Cl, Al, P, Mn, and Ba are present in
high concentrations in the samples. In contrast, Cu, Zn, Se, Cr, As, Pb, Cd, Ag, Ni, Sb, Se, Ti, V,
Rb, Sr, Zr, Sn, Sb, Te, and Cs are present in low concentrations. In addition, it is noted that the
rock surface exhibits higher concentrations of Mg and Ca compared to the brown material. The
other elemental concentrations are generally similar, however.

5.4.4

UV-VIS

Figure 14. UV/VIS spectra of sample B2 showing the absorption wavelength (cm-1) vs Intensity
(abs).

Figure 15. UV/VIS spectra of sample B3-2 showing the absorption wavelength (cm-1) vs Intensity
(abs).
Figures 14 and 15 show the UV/VIS spectra for samples B-2 and B3-2. The range of
absorbance for sample B3 (Figure 14) is 210 nm to 385 nm where it shows sharp maxima at

wavelengths of 275 nm and 260 nm. For wavelengths greater than 385 nm, absorbance decreases
to zero. The UV/VIS spectra for sample B3-2 (Figure 15) have an absorbance range from 210
nm to 345 nm. Figure 15 shows sharp maxima at wavelengths of 230 nm, 250 nm, 260 nm, and
290 nm. At wavelengths greater than 300 nm, absorbance values decrease to zero.
6. DISCUSSION
6.1 INTERPRETATION
The NMR and IR data are difficult to interpret because the peak intensities are dampened
relative to other published data. This may be due to the fact that the analyses were performed on
bulk rock samples without extracting the fulvic acids as done in Khanna (2008). All spectra that
are shown in Figures 11, 12, and 13 are limited by the small volume of sample dissolved in the
solvent. Therefore, very little detailed compositional information could be derived from these
data.
6.2 IMPLICATIONS
6.2.1

XRD

The XRD pattern for SC-B2 (Figure 9) suggests that the cave walls are composed of the
mineral dolomite (Kaczmarek et al., 2017). This agrees well with observations from the thin
section photomicrograph, which shows that the host rock is crystalline, typical of dolomite. In
addition, having similar peaks in XRD pattern for SC-B3 (Figure 10) as ones shown in Figure 9
indicate a dolomite host rock. The broad hump centered near 29 °2-theta suggests that an
amorphous (non-crystalline) phase is also present in the sample, possibly a mixture of organic
compounds associated with the Mumian.

6.2.2

NMR
Chemical Shifts (ppm)
Mumian (Mumian Cave)

Shilajit (Khanna, 2008)

Description

0.83- 1.28

0.89- 2.17

aliphatic multiplet protons

2.51

2.50

Solvent- DMSO-d6

3.57

3.45

Moisture

5.50

5.49

OH groups

6.99- 8.06

6.56- 7.92

multiplet aromatic protons

8.62

8.75

N containing molecules

Table 2. shows the chemical shifts presence in the 1H NMR spectra for Mumian samples
obtained from Mumian Cave in Wadi Al Mayh, Oman and the 1H NMR spectra for the Shilajit
fulvic acid obtained from India (Khanna, 2008).
By comparing the chemical shifts in Figure 11 with the data published in Khanna (2008),
the shift at 0.83- 1.28 ppm indicate the presence of aliphatic multiplet protons, the solvent
(DMSO-d6) is found at 2.51 ppm, and the absorption signal at 3.57 ppm indicates moisture
(H2O) in the sample. Also, the chemical shift at 5.50 ppm suggests the presence of OH groups
which could indicate the presence of carbohydrate molecules. The signals at 6.99– 8.06 ppm is
attributed to the multiplet aromatic protons. In addition, the sharp signal at 8.62 ppm indicates
the presence of N containing molecules. The peak at 5.50 ppm appears larger in the Mumian
sample compared to the Shilajit from India which could result from different sample preparation
methods (i.e. not extracting the fulvic acids) from Khanna (2008).
Looking at the 13C NMR analysis (Figure 12), a signal due to DMSO-d6 solvent was
found at the shift of 39.42- 40.14 ppm. The spectrum also indicates the presence of the C-OH

carbon at the shift of 62.87 ppm, aromatic carbon of hippuric acid at the shift of 127.58- 131.73
ppm, and amide structures at the shift of 174.04 ppm.
6.2.3

FT-IR

Frequency

Intensity

Mumian,

Shilajit,

Mumian, Oman

Oman

India

3318.38

3382

Medium to weak

1402.80

1411

1087.87

1081

Peak shape (width)

Shilajit, India

Mumian,

Shilajit,

Oman

India

Medium

Broad

Broad

Medium

Medium

Broad

Broad

Medium to strong

Medium

Sharp

Broad

Table 3. shows the broad bands presence in the IR spectra for Mumian samples obtained from
Mumian Cave in Wadi Al Mayh, Oman, the IR spectra for the Shilajit fulvic acid obtained from
India (Khanna, 2008).
The general match between the FTIR data presented in Figure 13 with those of Khanna
(2008) suggests the presence of hydrogen-bonded OH groups at 3318.38 cm-1, O−H bending
vibrations of alcohols or carboxylic acids at 1402.80 cm-1, and C−O stretching suggesting the
presence of polysaccharides at 1087.87 cm-1.
6.2.4

XRF

XRF data are helpful for further determining the elemental composition of the host rock and
the Mumian, and may provide some insight in to the possible health benefits of ingesting
Mumian. The interpretation of a dolomite host rock is consistent with the elemental data
presented in Table 1. The two rock surfaces contain high concentrations of magnesium and
calcium, which are the two most abundant divalent cations in dolomite. The three samples of

sticky Mumian adhered to the surface of the cave host rock also show high concentrations of
magnesium and calcium, most likely reflecting dolomite contained within the sample. Silicon,
potassium, iron, and aluminum are found in both rock surfaces and brown surfaces, which are
compatible with the presence of clay minerals.
In addition, smaller concentrations of sulfur, phosphorus, manganese, chromium, zinc,
selenium, and copper occur in all five measured samples. It is interesting to note that these
particular elements are commonly present in many multi-vitamins (Nimni et al., 2007; Heaney,
2004; Kubala et al., 2022), and may provide some health benefits. In contrast, the analysis shows
the existence of arsenic, lead, cadmium, nickel, chlorine, and silver which could be considered
toxic elements (Raikwar et al., 2008; Winder, 2001; Hadrup et al., 2018). The analysis also
shows the presence of barium, antimony, titanium, strontium, vanadium, rubidium, zirconium,
tin, tellurium, and cesium in both rock and blackish material. Some of these elements, such as
barium (Bhoelan et al., 2014), antimony (Sundar and Chakravarty, 2010), titanium (Kim et al.,
2019), Zirconium (Ghosh et al., 1992), tellurium (Ba et al., 2010), rubidium and cesium (Johnson
et al., 1975) are considered harmful or toxic. In contrast, the health effects of some elements
identified in the samples, are far less certain, however. For example, the toxicity of strontium,
vanadium, and tin, depend on the absorbed dose, the route of exposure, the duration of exposure,
and whether the element is found in its organic or inorganic form (Jaishankar et al, 2014).

6.2.5

UV-VIS

Given that the radiation absorption range shown in Figure 14 is 210- 285 nm and in Figure
15 is 210-345 nm, Mumian samples have the highest amount of absorption of UV radiation
within the region of ultraviolet C (200-290 nm). According to Al-Salman et al. (2020), UVC is
the most energetic type of UV radiation that could cause biological damages hence UVC
absorbents are required in making the sunscreen products. Therefore, Mumian may be a natural
UVC absorbent.
7. CONCLUSIONS
Based on the XRD, XRF, and petrographic observations, the host rock in the Al-Amerat cave
is dolomite and that the host dolomite is older than the Mumian, which fills pores and fractures
in the cave. The elemental composition and the chemical characteristics of the blackish material
have been determined by XRF, NMR, FT-IR, and UV- VIS analysis. The most significant
outcome of the XRF analysis is the determination of the high concentrations of calcium and
magnesium (in the form of a carbonate mineral) in the dolomite host rock, which corresponds
with the Omani people's belief that eating Mumian may help to heal broken bones.
Comparing the new data presented here to those previously published indicates the presence
of aliphatic multiplet protons, carbohydrate molecules, multiplet aromatic protons, N-containing
molecules, hydrogen-bonded OH groups, O−H bending vibrations of alcohols or carboxylic
acids, and C−O polysaccharides in the Mumian. The data also indicate the presence of C-OH
carbon, aromatic carbon of hippuric acid, and amide structures in the Mumian. Although the
compositional data from the cave samples show some similarities with published data from

Shilajit, the data presented do not permit a one-to-one comparison. Additional work is needed to
more definitively determine whether or not Mumian and Shilajit are compositionally the same,
and what health benefits and risks these substances present to those that ingest them.
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